Nonparaxial propagation of controllable dark-hollow beams.
On the basis of the Rayleigh-Sommerfeld formulas, the analytical propagation equation of nonparaxial controllable dark-hollow beams (CDHBs) in free space is derived. The far-field approaches and the paraxial approximation are dealt with as special cases of our general results. By using the derived formulas, the nonparaxial propagation properties of CDHBs in free space are illustrated and are analyzed with numerical examples. Some detailed comparisons of the results obtained with the paraxial results are made, which show that the f parameter and the propagation distance play an important role in determining the nonparaxiality of the CDHBs.